As the world's top carbon dioxide emitter, China is expected to reach its 
Introduction

36
Over the past decade, China has become the world's second largest economy and has been contributing to growth in emissions for the past two decades (Yao et al., 115 2014; Guan et al., 2014) . Emissions mostly come from industry, while the other 116 sectors generally exhibit good performance in reducing emissions (Xu et al., 2014) , 117 and it is especially pronounced in the less developed provinces due to the utilization (Fan et al., 2013) . In this study, we 
where E is the energy use, G is the gross domestic product, and P is the population 196 size. When we apply the rule behind the equation to every sector, Eq. (2) can be 197 extended for multiple sectors in a region as
where ,, i j k stand for the economic sector, energy type, and residence type,
200
respectively, with k = 1 denoting urban and k = 2 denoting rural residence. Therefore, Table A1 . 4 Strictly speaking, this expression refers to energy structure (E j n/En) multiplied by the corresponding carbon emission factors (ef j ). Since the carbon emission factor of each energy is a fixed parameter during the study period, for the simplification of discussion, it is combined with the actual energy structure (E j n/En) to represent the driving force of energy structure.
Since both parts include the energy structure effects and population size effect, the 
The seven driving forces 5 are used to represent the four types of effects 
243
The population related data (such as per capita GDP or per capita CO2 emissions) of a lower than most provinces in China ( Figure 3A) . From a global perspective, the 
Provincial characteristics
335
The annual growth rate of energy-related CO2 emission follows the following 336 order: Shanghai (3.78%) < Guangdong (7.74%) < Zhejiang (9.45%) < Jiangsu (9.92%) 337 < Fujian (11.86%) < Shandong (13.15%) (Table S1 ). On the basis of the three criteria (Table S2 ), the small share of its tertiary industry (Table S3) , and the 351 high energy intensity of its industry sector (Table S4) . Taking was produced by coal; the share of GDP from the tertiary industry was only 33.8%,
354
and energy intensity of its industry sector was almost 3 times that of Shanghai.
355
Emission growth has consistently outgrown economic development in both 356 provinces, since the positive forces contribute to the emissions at increasing rates, and 357 the negative contributions of energy efficiency is barely noticeable (Table 1) . Energy 
381
The high energy efficiency is likely due to the significant reduction in energy 382 intensity of the industry sector (Table S4) and to a lesser degree to the increasing 383 share of the service industry, which is around 10%-18% higher than the other five 384 provinces (Table S3 ). In fact, Shanghai is found to be the only place in this region 385 whose economic structure has been contributing negatively to emissions. The 8.0%
386 positive contribution of the energy structure is, however, beyond expectation for 387 provinces at this stage. The same positive effect is also found in Jiangsu (3.4%),
388
indicating an overall strong resistance and even rebound in energy structure change 389 during the study period. 
.4 ↓↑
Black and red numbers indicate positive and negative contribution to emission increase, respectively. "↑", "↓", and "→" indicate that the 392 relative contribution to emission increase has increased, decreased, or remained constant, respectively. Therefore, "-+" means the first 393 negatively then positively contribute to the emission growth, and "↓↑" means the impact first decreases and then increases. and experience developed in the Region could be fully utilized.
426
Second, the structural decarbonization effect has not been utilized. Shanghai was 427 found to be the only place among the six provinces to benefit slightly from economic 16 structural change to reduce carbon emissions. Nationwide, Guangdong and Jiangsu
429
were found to be the only two provinces whose production structure became greener,
430
while Shanghai actually suffered 16% loss in production structure decarbonization.
431
Despite the discrepancy, a similar conclusion can be drawn that the overall economic 
